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Introduction

As described in S4 01 0054, when verifying the C-code for sine sweeps and other special signals (also DTMF) we noted rather low performance with the two lowest speech codec modes 6.6 and 8.85 kbit/s. This was also observed by BT in Tdoc S4 01 0021. After investigations, we found out that for tone signals this behaviour was mainly caused by ISF-quantisation. In S4 01 0054, we proposed adding two new ISF-tables to cope with the DTMF signals and tones. The new ISF codebooks replace the current one in case of DTMF signals and tones, and they use 33 vectors of 16 elements (528 words). When DTMF or TONE codebook is used, 8 bits are used to quantise DTMF or TONE codebooks. A specially selected set of indices in other bits signals to the decoder that the DTMF or TONE codebook is used. These indices are selected in a manner, that the normal search algorithm can not produce them because it would be unstable combination if used normally for ISF-quantisation. No special tone detection algorithm is needed because the ISF-quantisation always searches the normal codebook, the DTMF codebook, and the TONE codebook and selects the best match.

This document describes the performance of the proposed method when tested with the distorted DTMF tones.

Performance

First, the correct usage of the new DTMF codebook was tested using DTMF database provided by BT. The experiments studied are described in Tdoc S4 01 0021 presented by BT. Table 1 shows the histogram of the number of times the DTMF codebook indices were selected during DTMF frames. We did not check whether the actual output would be recognised by a DTMF-detector. The DTMF signals were 80 ms long (four speech frames) and they were not aligned with the encoder frame structure. So, it is possible, that the number of times the DTMF codebook is selected is not always four. As can be seen from Table 1, all the DTMF signals were correctly classified at least in 2 frames. The in-correctly classified frames were mostly recognised to be normal speech frames but some frames were recognised as wrong DTMF frames.

Table 1. Histogram of the number of correctly classified DTMF frames 


0 frames
1 frame
2 frames
3 frames
4 frames
5 frames

Experiment 1
0.0 %
0.0 %
0.0 %
45.1 %
54.2 %
0.6 %

Experiment 2
0.0 %
0.0 %
0.0 %
48.3 % 
51.4 %
0.3 %

Experiment 3
0.0 %
0.0 %
0.0 %
46.1 %
53.6 %
0.3 %

Experiment 4
0.0  %
0.0  %
0.3  %
53.6 %
44.2 %
1.9 %

Experiment 5
0.0 %    
0.0 %    
4.1 %    
65.2 %
30.1 %
0.6 %

Experiment 6
0.0 %
0.0 %
0.0 %
65.5 %
34.5 %
0.0 %

Second, the number of DTMF or tone indices selected during normal speech were studied. After simulating 90 minutes of speech from NTT database, it was found out that approximately one out of 1000 frames (20 seconds) is classified as tone frame. The classification of speech frames as DTMF frames is very exceptional. In the simulation one frame was classified as DTMF frame.

Conclusion

In the tests it was found out that the proposed modification can classify DTMF signals quite well even if they are quite distorted. Speech frames are classified as sinusoidal frames quite rarely but regularly. Speech frames are classified as DTMF frames very rarely.

